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(57) Abstract 



A wavceuidc binding assay method involves detecting the scattering of light directed into the waveguide, tite scattcnng bcmg the 
result Jf ITt^K laS^^ bound to the waveguide within the penetration depth of an evanescent wave. TTie waveguide maj^^^ 

^p^TSc^^^^ the binding is typicaUy by oligonucleotide hybridiration orimmunological capmie. Light >^ 
^^^con^^ mtt^^^T non-metals, including gold, selenium and latex. A light absorbmg member consisting of dye r concenttaied 
SSes^^^^^^ signJ. Real-time binding and dissociation can be m nitored visually or by video jm^gi^^ such 

T^i^rcco la^t^^^ grabber software. Hybridization mismatches f as few as one base can be du^unguished by real-time 



melting curves. 
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OPTICAL WAVEGUIDE METHOD FOR DETECTING SPECIFIC BINDING EVENTS BY 
LIGHT SCATTERING 

5 

Field of the Invention 

The invention relates to several fields, esp>ecially specific binding 
partner interactions, evanescent waveguides and light scattering. More 
particularly, the invention relates to a process of detecting one or more 
10 specific binding analytes, especially DNA or oligonucleotides, through light 
scattering techniques, the scattering being caused by a particvdate label held by 
specific binding forces within the penetration depth of the evanescent wave 
of a waveguide. 

15 Background of the Invention 

Total internal reflection ("TIR") is known in the art and is described 
with reference to Figvire 1. TIR operates upon the principle that light 10 
traveling in a denser medium 12 (i.e. having the higher refractive index, Ni) 
and striking the interface 14 between the denser medium and a rarer medium 

20 16 (i.e. having the lower refractive index, N2) is totally reflected within the 
denser medium 12 if it strikes the interface at an angle. Or, greater than the 
critical angle, 8 o where the critical angle is defined by the. equation: 

Qc - arcsin (N2/N1) 
Under these conditions, an electromagnetic waveform known as an 

25 "evanescent wave" is generated. As shown in Figure IB, the electric field 
associated with the light in the denser medium forms a standing sinusoidal 
wave 18 normal to the interface. The evanescent wave penetrates into the 
rarer medium 16, but its energy E dissipates exponentially as a function of 
distance Z from the interface as shown at 20. A parameter known as 

30 "penetration depth" (dp- shown in Figure 1 A at 22) is defined as the distance 
from the interface at which the evanescent wave energy has fallen to 0.368 
times the energy value at the interface. fSee, Sutherland et al., T. Immunol. 
Meth., 74:253-265 (1984) defining dp as the depth where E= (e-l)-Eo- 
Penetration depth is calculated as follows: 



P"27c{sin20R.(N3/N,)2}'^' 
Factors that tend to increase the penetration depth are: increasing 
angle of incidence, Sr; closely matching indices of refraction of the two media 
(i.e. N2/N1 -> 1); and increasing wavelength, X. For example, if a quartz TIR 
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element (N, = 1.46) is placed in an aque'ous medium (N^ = 1 34) the cHh , 
angle, eo is 66- (=arcsin 0.9178) IfSOOnmHcxK. 1-34), the cntical 

yn' fi ^ , ^-^^^oj. u 3UU nm light mipacts the inter/ar^ af 

70 (l e. greater than the critical anide) the d ^ne mteriace at Or = 

Within ^ . ^ °P Wroxmiately 270 nm. 

™. phenomenon has been used 7^^ ^* 

Hairick, el al. , Anal. Ch,^ 45.687 (™> ™ "P^" '° """"noassays 
fluorescence 'or^i^^^^Ze^ ^^^"^r"^' "'^ ™ 

) paL^nr-^"'^'^''"'-^^^^^^-^^^ 

) Patent Nos. 4,716,121 and 4382,809, and US Serial No 07/86, «r v 

WO 93/20240 (Abbot. Ubs), which are al, inco^o^^dT^I! " 
An mununospecific agent is adhered to the surface o7the ^ ^ ?^ 
aUowed to react with fluorescently labeled s^rbtole 
rarer medium Th, <™rir., k j °™ *P*"="'<^ """Img partners in the 

a .ech™Tue^,^t^,'^„^'-'«f'' '^S'^' --ring de,ec«on in 
^ T T ^ « S>cattered Total Internal Reflectance f "qTn?'-k c 

L^:L^ia^°rrt?a:^ri;,rr::t^ 
r -Hrs^irrrZdir 

wo 94/00763 also describes scanning tl!e beM , '"^^'^ 
speciflc binding members which^'eitr fl/fte^T^r"^ 
varying concentration .0 achieve a wider <i^^.Zl^tfZT: " 
bmdmg m«„bers .0 test for different analy^s in a n,^Z^i^ 

arranged on the waveguide in spedBc lines or grids .0 creat^a 2f " h 
gratmg pattern of scattered light By then looking at onlTtedf* ol " r 
scattered Ught, .bis techniques minimizes the sea' ering ca^d 
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imperfections and/ or impurities such as dust particles, (see Fig. 14 and 
columns 17-19). 

Practical use of the Carter and STIR devices is severely limited by the 
serious backgroimd scattering from partides in solution. This background 
5 limits the sensitivity of detection of bound particles associated with analyte. 
The poor performance was compensated by sophisticated electi-onics and 
optics that could discriminate the small amount of signal over the high 
background levels. Electi-onic and optic complexity result in very expensive 
systems. 

10 Finally, U.S. Patent 5,192^02 to Attridge, et al., teaches a device 

comprising parallel plates defining a cavity for receiving a sample fluid. One 
plate serves as a waveguide and the other is coated with a layer of a Ught 
absorbing material. 

Other backgroimd art of interest include the disclosure of Drmanac, et 
15 al. U.S. Patent 5,202^31 which describes a new technique for the generation of 
nucleic acid sequence information known as sequencing by hybridization 
(SBH). According to this technique, a solid phase containing bound thereto 
an array of oligonucleotides of known sequence is allowed to hybridize witi» 
labeled DNA from a sample. Thus, a single hybridization experiment allows 
20 examination of a large number of different sites on a DNA molecule. 

Diagnosis of several human genetic conditions such as Ducherme muscular 
dystrophy or cystic fibrosis will likely require die resolving power of an SBH 
type system to determine the mutation associated with the disease state in an 
accurate and cost effective manner. One particular implementation of the 
25 SBH method uses a large nimiber of oligonucleotides immobilized in a high 
density two dimensional array. Such a device has been called a "DNA chip" 
analogous to the high density circuits produced by the electronics industry. A 
sample of imknown DNA is appUed to the chip and the pattern of 
hybridization determined and analyzed to obtain sequence information. 
30 WO 92/10588 and WO 92/10092 (Affymax Technologies N.V.) contain similar 
disclosures, as weU as a photoUtiiographic metiiod for manufacturing such 
chips. 

Since the stringency conditions affect hybridization, fine differentiation 
and specificity can be obtained if stringency can be accurately confa-oUed. 
35 Thus, melting curves could provide an additional dimension to the DNA 
chip system and aUow better differentiation of closely related sequences, a 
concern in implementation of SBH technology. The abUity to change 
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30 



35 



sequencing technique where di««^ J- ^ ii-783-795 (1994) describe a DNA 

every sr to remove label assodaledl^* ^ '° one-minute washes 

authors Claim the ge, was ad^a^rlTt^rh '"^^ 
tamobilizaaon and higher <iis.r>!^^TZ„^ ^^''^ T 
0 However, the need to wash excess kh»i T T surfaces. 
relaUvely long time for s«,Ze .h ^ " « 

impose signifLt un:;iror^r~eT" ' 

an en«re DNA chip array and a one Z«e w^TIs 3**/ ""^^ 
mcremental temperature, then a high reso'uZ ' iT^ 
> ir) frc™ 30 to 70- C would requirfan 1°^°" '^^^ 
lo be held constant for one minute a, each would have 

spots on the chip are measu^ mcremenuU temperature untU aU 

Also of interest is the disclosure of co.ow^.,1 
appUcation serial no. 08/140,383, BI^^^^TLT^'T'^' 
APPARATUS AND METOOD FOR DElTClJc 'l 

herein by reference. This .ppulT^^ZT" "-'T"- '"'"^"'^'^ 
device "CCD- camera and ^ge .I^^LteT il^ ^arge-coupled 
specfic binding target Ugands arranged IZ^y 1 fT 
a single solid phase. spabally separated, multiple lod on 

Swmmarv of — ^fjp^ 

sequence data by two orders of mal "uTe ke ' """^ 
« a preferred embodiment, a de.ec~ th^d ZZZ TT"" 
opbcal waveguide which aUows measurement 0^, ? . ^unensional 
-..ing of a Hght scattering label at m ^^ptr ^ L " 
comprisine a DNA arra„ tu- «-*>pcure sites on a support 

»p4 asX^^rZg sr^Ltr « 

evanescent wave. whereb^oruT: J'cLXrv:.::^ " ""^ 

generates signal. Imaging of the scattered Ught ™ tr " 
ent^e array simultaneously. Hybridization fpe<S~:::XrLT 
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obtained with a conventional system and autoradiography. Melting curves 
are consistent with Hquid phase melting curves for the same sequence 
combinations, and differences of as little as a single base pair are easily 
distinguishable. Limiting dilution established detection of targets at 
5 concentrations as low as about 0.4 nM, which is comparable to the best current 
fluorescence based systems. It is anticipated ti\at this methodology wiU 
provide a powerful tool for rapid, cost effective, detection of sequence 
variations. 

Thus, in one aspect, the present invention is a method for detecting the 
10 presence or amoxmt of one or more specific binding analytes in a fluid 
sample, the method comprising: 

(a) providing a waveguide device, the waveguide device 
comprising (i) a transparent element having a refractive index greater than 
ti\at of the fluid sample; (u) a Ught receiving edge; and (iii) a reactive surface 

15 comprising a first specific binding member of at least one cognate binding pair 
immobUized at a plurality of sites on the surface of the element, other non- 
situs portions of the reactive surface having no specific binding member 
immobilized thereon; wherein said first specific binding member, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 

20 at least one analyte; 

(b) contacting the reactive surface with a sample suspected to 
contain said one or more analytes and witi\ a light scattering label attached to 
a specific binding member of a second cognate binding pair which, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 

25 said one or more analytes, in the case of a sandwich assay, or the immobilized 
first specific binding member of said first cognate binding pair, in the case of a 
competitive assay; thereby forming light scattering label complexes attached to 
the plurality of sites in proportion to the amount of analyte in the sample; 

(c) illuminating the Ught receiving edge of the waveguide with 

30 light effective to create total internal reflection witiiin the waveguide, thereby 
simultaneously illuminating the entire reactive surface; 

(d) substantially simultaneously collecting scattered light, if any, 
from each situs and from non-situs portions of said surface; 

(e) comparing the degree of light scattering at each situs with either 
35 (i) the degree of light scattering at a non-situs portion, or (ii) the degree of 

Ught scattering at anoti\er situs, or both, whereby light scattering at each situs 
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Accordmg to the above method, there are m.,i« , 
waveguide; the waveguide is iUumi«^tu aTo^r*^^' ' '"^'^ 

si.s is instantaneous., coUected, e.>^Jty'Z:::^l'Z'^^'"" " 

=^-ra~=S^^ 

non-situs portions of the reactive T element, other 

.5 i-obiiized thereon; :;:rLi^rs^^^r'"'^t'^«^ 

intermediate cognate binding pairs 

said analyte; g pa^s f desired, b capable of specifically binding 

contain^'aid I?.:tdt:r:tl''"''" """"'^ - 

20 binding member o7a"eco"*,:ltl?"; ' '""^ '° ' 

binding member, in the case of a !h 7' """""Uized &st specific 

scattering at another situs or hn.h Z °"' " ''««'ee of light 

the pres^ce or amln::; rJ^T^'^^ ^"'"''"^ ^ "rrela.es to 

detectilf '° "-"'P'* «<nure visual 
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Another aspect, also not limited to mxdtiple sites, is a determination of 
scattering using a rate-read technique- Thus, in this aspect the invention 
comprises: 

(a) providing a waveguide device, the waveguide device 

5 comprising (i) a transparent element having a refractive index greater than 
that of the fluid sample; (ii) a light receiving edge; and (iii) a reactive siu-face 
comprising a first specific binding member of at least one cognate binding pair 
immobilized at a situs on the surface of the element, other non-situs portions 
of the reactive surface having no specific binding member immobilized 

10 thereon; wherein said first specific binding member, through intermediate 
cognate binding pairs if desired, is capable of specifically binding said analyte; 

(b) contacting the reactive surface with the sample suspected to 
contain said analyte and with a light scattering label attached to a first specific 
binding member of a second cognate binding pair which, through 

15 intermediate cognate binding pairs if desired, is capable of specifically binding 
said analyte, in the case of a sandwich assay, or the immobilized first specific 
binding member, in the case of a competitive assay; thereby forming light 
scattering label complexes attached to said situs in proportion to the amount 
of analyte in the sample; 

20 (c) illiuninating the light receiving edge of the waveguide with 

light effective to create total internal reflection within the waveguide, thereby 
simultaneously illuminadng the entire reactive surface; 

(d) substantially simultaneously collecting scattered light, if any, 
from said situs and from non-situs portions of said stu-face at a first time, ti, 

25 using a photodetector device; 

(e) repeating steps (c) and (d) at least once to collect scattered light, if 
any, from said situs and non-situs portions at a second time, t2; and 

(f) comparing the degree of light scattering at said situs at time ti 
with the degree of light scattering at said situs at time t2, whereby the hght 

30 scattering at the situs correlates to the presence or amoimt of the specific 
analyte, and the difference over time in scattering of light provides kinetic 
information indicative of the amoimt of analyte present at said situs. 

This aspect can be applied to single or multiple sites, but it is imlikely 
that visual detection is possible since subtle variations in signal can appear 

35 over time. Timed readings can be made continuously or discretely- In 

continuous reading, initial rates can be determined from the initial slope of 
the time course. 
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nucleo.de se<p.ences, *e ^eU^^ ^^^^ ' "'^ ^"^^ "'"^ 

that of the fluid sample; (U) a light receive ed^r„!. r .^ 
co«g a piuraUty of sites having^^on^^^ T''" 
said sites definine an arrav of oli^, . ""nobUized thereon, 

hybridizing ^l^^fZ^jT^" ""'"^ 

surface of said element havZ T . " """"^'^ P°"'°"* °' 
element Jiavmg no ohgonudeoddes immobilized thereon- 
(b) contactmg the reactive surface under hvhriXi^ . ' 

with said unknown nudeir , k hybndizmg conditions 

directly or throurinTe^^al " TJ'!'' "^'"™ " 
With a light sca^ K T " « '»'»led 

attached^ tho«T^ '^Ll^ZT -""^'^ 

sequence of the unknown nudeic add complementary to the 

agh. efLve"!o~^t*;!:f!: rr^ °' *^ -'"^"^^ -^'^ 
Simultaneously .rna^ rrje^c:;"::^.*^ 

-ensit:r::i^r:rpoir:n::d%— 
- auhe Cee:;^rsi:::ra nj:srror:^^^^^^^ r 

light scattering at another situs; and "^^^^^ °^ 

(0 further comprising incrementally increasin«r fKo 
conditions at the reactive surface of the wave^dTd^^To i^^a^^^^ 
dissoaation of bound nudeic acid from the sites and r^^J 
(e) at each increment repeatmg steps (d) and 

Finally, in an aspect not restricted to twr. • 
even to simultaneous Ulumination. thTilrj^^^J^^r" " 
unproved method for light scattering .hid. give red^l^^oLs. 



10 
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Thiis, the invention is also a method for detecting the presence or amount of 
a specific binding analyte in a fluid sample, the method comprising: 

(a) providing a TIR device, the device comprising (i) a transparent 
TIR element having a refractive index greater than that of the fluid sample; 

5 (ii) a light receiving edge; and (iii) a reactive stirface comprising a first specific 
binding member of at least one cognate binding pair immobilized on at least 
one situs on the surface of the element, other non-situs portions of the 
reactive surface having no specific binding member immobilized thereon; 
wherein said first specific binding member, through intermediate cognate 
10 binding pairs if desired, is capable of specifically binding said analyte; 

(b) contacting the reactive surface with (i) the sample suspected to 
contain said analyte; (ii) a light scattering label attached to a first specific 
binding member of a second cognate binding pair which, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 

15 said analyte, in the case of a sandwich assay, or the immobilized first specific 
binding member, in the case of a competitive assay, thereby forming light 
scattering label complexes attached to said situs in proportion to the amount 
of analyte in the sample; and (iii) a solution of a light absorbing member 
sufficient to impart an effective O.D. of at least 15; 

20 (c) illuminating the light receiving edge of the TIR element with 

light effective to create total internal reflection within the element; 

(d) detecting the scattered light and comparing the degree of light 
scattering at the situs with the degree of light scattering at a non-situs portion, 
whereby background scattering is minimized by absorbance by the light 

25 absorbing material. 

In all of the above aspects, the specific binding analyte may be an 
oligonucleotide or nucleic add. It may also be an antigen or antibody in most 
aspects. While all aspects preferably have multiple sites, certain aspects do 
not require this. The number of "multiple" or "plurality" of sites may be as 

30 few as two or as many as several thousamd. 

In each of the above aspects, the waveguide element may comprise a 
planar surface, such as a glass plate. In each aspect, it is possible to provide a 
second plate which is fastened to the element to form a capillary channel 
therebetween. The reaction surface should face into the channel so that the 
35 channel can be used as a reaction vessel to flow reagents over the reactive 
surface. Also, it is preferred in each aspect, to coat the surface with a 
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background scaetertng very near to is source, "n.e LAlS incr^^ o D of 
the solunon to a. leas. IS and provides a dark background a^ ' 
^ scattermg at the sites shows as a bright area. una against which 

Brief Dp«r|-jpfjpn p< t[,p ph-j^y^^ ^^ 

the interface. ^ function of the distance Z from 

Figures 2A, 2B and 2C are, respectively, perspective side and rrocc 

surface and, within the evanescent wave penetration depth captures . 
complementary oligonucleotide bearin*. /hi^^ • captures a 

colloidal sele J„n, sca'elg ^e " = 

viden - J ^' '•'^ P'^*^ representations of the actual 

? K ° """^ '""^ *° fr'^e 8»bber which 

appUca^on from which it was printed on a high resoludon printer ^ 
Figures 8B and 8C are DNA dissociation or melting c^es A. each 

tt^r ''^'^^ ---^ Seneratedl.r;plt'sr that 

Pgtqiled Dftscriprinn of fh g InvPnH^^ . 

more d^aa"*"*" ""'"^ *^ ™ -iescribed in 
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TIR Elements and Waveguide Devices 

The physical principles of total internal reflection CTIR") and 
evanescent v^aves are set forth in the backgroimd section. As used herein, 
'TIR element" refers to any transparent material that provides an interface 

5 capable of total internal reflection. The element may be, for example, a 
cuvette, a rod or a plate. The evanescent wave of a TIR element may exist 
only at the point or points of total internal reflection. In contrast, a 
"waveguide" refers to a two dimensional TIR element such that bght is 
totaUy internally reflected at multiple points, thereby creating an evanescent 

10 wave that is substantially imiform across aU or nearly all of the surface. A 
two dimensional waveguide may be planar or curvelinear in configuration. 
For simplicity, a plamar waveguide is described as the preferred embodiment. 

In one preferred embodiment of the present invention the TIR 
element is a two dimensional waveguide. Figures 2A-2C illustrate a preferred 

15 embodiment, wherein a waveguide device 30 comprises a planar waveguide 
element 32 and a parallel planar plate 34. The waveguide element thus has 
parallel surfaces 36 and 38 as well as a light-receiving edge 40. Similarly, the 
plate 34 has parallel surfaces 42 and 44. The waveguide element 32 and the 
plate 34 are held together in spaced parallel fashion, such that the element 

20 surfaces 38 and the plate surface 42 define a narrow channel 46. The element 
and plate may be held together by any convenient means, including adhesive 
means 48 consisting of double stick tape disposed along the edges of the 
element and plate. The channel 46 is preferably rather small so as to enable 
capillary transfer of a fluid sample therethrough. For example, the height 

25 should be less than about 1mm, preferably less than about 0.1mm. 

The element 32 should be made of an optically transparent material 
such as glass, quartz, plastics such as polycarbonate, acrylic, or polystyrene. 
The refractive index of the waveguide must be greater than the refractive 
index of the sample fluid, as is knovm in the art for effecting total internal 

30 reflectance. For an aqueous sample solution, the refractive index, n, is about 
1.33, so the waveguide typically has a refractive index of greater than 1.35, 
usually about 1.5 or more. The waveguide may be a piece of plastic or glass, 
for example, a standard glass microscope slide or cover slip may be used. 
The plate 34 may be constructed of similar materials. As seen in 

35 Figures 2A and 2B, the light receiving end 40 of the waveguide element 32 is 
disposed in a narrow slit 50 of a mask 52 in order to mininuze the effects of 
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stray light originating from the Ught so'Le 54. Minimization of strav li.h. 
also unproved the use of light absorbing materials as dis^sedtl^"' 

Light source 54 for generating the incident lieht beam k 

> source of electromagnetic energy, indudingenS^^ 

violet, and near-IR spectra. The terni "lioht^' i.\u visiDJe, ultra- 

and is „o. confined .o the ^^e^.^^^ZTT:^ '""^'"^ 

opmmzed for a,e particular waveleng* as is weU icnown ^ TKe 
hght may be monochromalic or polvchromatic r„n,~.. ^ 
«orunpo,ar..ed. P^ferr^^C^^LI^;,:? 

^r^; '"^rZr • »a t:rescen. 

can.a^„"r«ar.it.rrr L"a~ 

described in example I below, *e Ugh, source c» t a s^l^ T " " 
light bulb powered by a battery, such as is uZZ^L^t^T^T K, 

Detection means for determining the decree nf n«rK* . 

wK«»K u ^ '"^^^o'ecl essentially simultaneouslv 

^du^. CCD ^'"^ °' " "'^^ " photodetecHon d'r.i''' 

»m^i i^^:™e -^^"^^ ""^ P^cessed Ising 

puters m case only a single, multi-functional reactive surface i. 
used and ,s iUuminated simultaneously by the evanescent 

Reactive Surfaces 

According to the invention, a reactive surface consislin., „f 1 . 
ltd °" °' *^ "'^^^ elem:n~^som °" 

P^urah^ of such sttes, and mulBple-situs devices will be described her^ 

metb f"" ""*^'" "™ " 'Pacific bin^g 
members. A "situs" (plural = "sites" herein) is defined as the deCed area 
m which a specific binding member for an analyte is immobai»7^^i^ 
understood that non-situs portions of the surfa^ will ako ei^' ul^^^the 
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delimited area. The immobilized specific binding member is referred to 
herein as a "capture member or "capture SBM". Preferably the situs is a 
small spot or dot and the non-situs portions surroxmd the situs. Of course 
many other situs sizes and configurations are possible and within the 
5 invention. A situs may also be configured as a line or bar; as a letter or 

numeral; as a circle, rectangle or triangle; or as any other graphic such as, for 
example, any graphic typically employed in computer icon or dip-art 
collections. 

The area (size) of a situs need be large enough only to immobilize 
10 sufficient specific binding member to enable capture of the labeled analyte and 
light scattering particle. This is dependent in part on the density of the situs, 
as discussed below. For example, situs areas of as little as 150 ^un diameter 
have been used successfully (see example 7 and figure 10). Such small areas 
are preferred when many sites will be placed on a reactive surface, giving a 
15 high "site density". The practical lower limit of size is about l^im in 

diameter. For visual detection, areas large enough to be detected without 
magnification are desired; for example at least about 1 to about 50 mm^; up to 
as large as 1 cm^ or even larger. There is no upper size limit except as dictated 
by manufacturing costs and user convenience; any desired situs size or shape 
20 is suitable. 

Multiple situs devices may contain the same or different SBMs at each 
situs. If the same, the plurality of sites may have similar concentrations and 
thereby offer replicate information or may have varying concentrations of the 
SBM, thereby offering semi-quantitation or calibration against a standard. If 

25 the SBMs are different, the device may be utilized for multiplex detections of 
several analytes simultaneously. In one special case of different SBMs, one or 
more situs can serve as a positive control. Of course, combinations of all the 
above (e.g. multiplexed semiquantitative determinations) are possible in 
devices with many sites. 

30 For multiple situs devices, the sites may be arranged in any convenient 

pattern or array. The spacing between sites will depend on the resolution of 
the detection system, described below, and the manufactxiring process used to 
create the situs. Subject to manufacturing capability, the higher the 
resolution of detection, the closer the sites may be. There should be sufficient 

35 separation of the immobUized capture SBMs that the reaction of each of these 
members individually with the corresponding binding member in a fluid 
sample and/or a light-scattering labeled member can be differentiated from a 
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A v«y simple «ray is ^ '"^"'^ 

lines, pa«e^s and 00.^^^?^ P'' ™^ » 

. a c ^^.r r ^s.ie Ltr ^: 

only the vertical portion or portions ^ °' 
while the horizontal aspect ^T^, «naly.e binding situs, 

which is indepenJenm n ^ f"*^ ' 'P««' '"bel 

desoibed in U^r^C s"^^™ ^'■^^T^'^'' ^ 
fo' Using Same", to Brown et al r„nfi ^ -^"VHcal Device and Method 
veH«cation o, the assay"^ "rl^T^Z"^ " 's™hr."T " " 

variation are L possi.^. ^^r^.-'^f^rpar "''^ °' 

in the two-plane device of Fieures 5a ,i, 
preferably formed on the surface ^^-20 "he reactive surface 60 is 

the channel 48, See FigL ac T™*"""' 

«d/or ligh.-scatte^^, contacting of sample 

permitting ca^^^/or^Tirr I^ce"^^^^^^^^^^^ ^^"^ 

two <ii-ensi„nar;;v*;rdr:,'ren3ato'"J r" ^ ''"^^ 
being coated on one sidp I, the reaction surface 

in an'upwa^.^; felg ^elrr "f""^ 

and Hght scatte'ringTltrg^; rt::;L!i;rr''* *^ """'^ 

™y then be observed from L ^l^f^:^ - 



Specific Binding Mcmbeis and 
Inun biliaation on the Reactive Surface 



33 -o^^^e^^L^ra^:;:^:--^^^^^ 

surface. A specific binding member ("SBM'O ^ ' '^^"'^^^ 

"-Spair. A"co^.eLding;l^rj;Cd~:^^^^^^^^^ 
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that will specifically bind to one another, generally through non-covalent 
interactions such as ionic attractions, hydrogen bonding, Vanderwaals forces, 
hydrophobic interactions and the like. Exemplary cognate pairs and 
interactions are well known in the art and include, by way of example and not 

5 limitation: immtmological interactions between an antibody or Fab fragment 
and its antigen, hapten or epitope; biochemical interactions between a protein 
(e-g. hormone or enzyme) and its receptor (for example, avidin or 
streptavidin and biotin), or between a carbohydrate and a lectin; chemical 
interactions, such as between a metal and a chelating agent; and nucleic add 

10 base pairing between complementary nucleic acid strands- A recenUy 
reported specific binding member is the peptide nucleic add analog, or 
'TNA", described in WO 92/20702 and WO 92/20703, both to Buchardt, et al., 
and in Ram, Science. 262: 1647, (1993), which forms a cognate binding pair 
with nucleic adds or other PNAs. Nucleic add wiU be understood to indude 

15 2' -deoxyribonucleic add (DNA) as well as ribonudeic acid (RNA) when 
stability permits. 

Preparation of antibody SBMs is an old and well known technique and 
need not be described in detail. Briefly, an animal is immimized or 
challenged with the desired hapten according to an immunization schedule. 

20 Often the hapten is coupled to a carrier molecule such as BSA to improve 
recognition. After a suitable time period, the animal is bled and antibodies 
are extracted. Alternatively, antibody can be obtained from ascites fluid. 
Highly specific monoclonal antibodies can be prepared if desired using the 
now conventional techniques of Kohler and Milstein, Nature. 256, 495 (1975). 

25 Antibodies have niunerous amino, carboxyl and sulfhydryl groups that might 
be utilized for coupling reactions. 

Synthesis of oligonucleotide SBMs is also fairly routine, using 
automated synthesizers such as the ABI 480. These instruments prepare 
oligonucleotides of virtually any desired sequence in lengths up to about 75- 

30 100 bases. Longer polynudeotides, if desired, can be prepared by known 
doning techniques or by synthesis of shorter segments and assembly. If 
desired, oligonudeo tides can be modified with terminal amines or other 
reactive groups for coupling. A somewhat dated but still useful review of 
coupling chemistries is found in Goodchild, Bioconjugate Chemistry. 1(3):165- 

35 187(1990). 
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5 Altemaavely, fte reacdve surface =„y Brst be coated ^T^^Uv 

It is, of course, preferable to link SBMs to the reactive surfa.^ ir, c u 

J7ur example, antibodies can be coudI^ via th^t^ c-, 
U.S. Patent 5 1 9i n^A m- • coupied via their Fc portion as taught in 

More recenUy, WO 92/10092 (Affymax Technologies N V • r™h„ . 
al.) described a .nethod of syndesis o, oUgo„udeo«dLT«lI; I^Id 
support using photoUlhography techniques. 

ateche^" fir"^''" °' "P*"* SBM need not be covalenUv 

temperatures o, DNA (see examples). ,t may be possible to tie se h,? ^ 



BNSDOCID: <WO_9609532A1_I_> 



wo 96/09532 



PCT/DS9S/11922 



-17- 

The density (quantity per tinit area) of capture SBM on the reactive 
surface correlates positively with the sensitivity of the system. Using 
oligonucleotide SBMs, about 5000 DNA molecules per square ^m can be 
achieved by the spotting metiiods described herein. Other methods of chip 
5 construction, for example the photolithography techniques mentioned above, 
may 3deld other densities. The estimated theoretical maximimi density for 
nudeic add SBMs is about 250,000 molecules per square ^m. It is unlikely, 
however, that chips of this density can be attained or that they wotild provide 
optimal performance in view of the steric restrictions imposed. Optimal 

10 density for best sensitivity involves a trade off between maximizing the 

number of binding sites per unit area, and maximizing the access to such sites 
keeping in mind diffusion kinetics requirements and steric considerations. 

Application of the capture SBM onto the reactive surface may be 
accomplished by any convenient means. For example, manual use of 

15 micropipets or microcapillary tubes may be conveniently used for spotting 
capture member onto the reactive surface. It is preferred, however, to use 
automate this process for convenience, reprodudbility and cost-savings. 
Mechanized application is particularly desirable when the assay is used in 
large-scale testing, such as routine screening applications. Automated 

20 application methods indude, for example, positive displacement piunps, X-Y 
positioning tables, and/or ink jet spraying or printing systems and the like. 

When appropriate, the SBMs may first be put into a solution to 
facilitate the process of depositing the samples onto the reactive surface. 

25 Suitable solutions for this purpose have only the general requirement that, 
upon drying, the SBM substantiaUy retains its specifidty (i. e. its specific 
binding properties), and does not significantiy interfere with the refractive 
properties of the element. The volume of solution to be deposited depends 
on the concentration of SBM in the solution. Ideally, solutions are prepared 

30 in a concentration range of about 0.5 to 500 |iM, so that a small drop (ca. 2 ^1) 
contains the desired amount of SBM. Typically, repeated applications of 
SBMs at lower concentrations are preferred so as not to waste SBM. These are 
repeated until suffident SBM is present, taking care not to overlap the 
application at nearby sites. If desired, a crosslinking agent can be induded to 

35 increase the amount of SBM at the capture site, provided the crosslinking 
agent does not interfere with the specific binding properties. 
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Ater the SBM has been deposited on one or more sites of the reactive 
^.ce *e member is aUowed to dry and thereby become in^oW^ on 
fte reacve surface. EvaporaBon is the prrfe^d drying method, and may be 
p^formed at room temperature (about 25^, when dLed, th evap^aHon 

Z' '^''T « ''""'^ t-Perature, so long as the temperaturTd^ 
no. s.gmfi«ntly mhiWt the abffity of the captur. members to ^ciy 

T Z^- ""'^P°'«^8 ""'^S ".ember*. For eLnple where 

srorb:''So;^^'^ " - --"^'-"^ -per^-s""^ 

"* the re^^n'^'^T '™"<"'"^«°" «" SBM to the reactive surface, 

U» reactave surface « preferably treated so as to block non-specific interac^^ns 
be.we«, the reacave surface and analyte binding members i^ a fluid^ 

PNA) on the reacUve surface, the blocking material should be applied after 
15 m«nobd«ation of the SBM. Suitable protein blocking materials^rdta 
zem and bovine serum albumin (BSA,. Other blocked can be dete^^tsl, 
long-cham water soluble polymers. The blocking material may be 
convement^y appUed to the reactive surface as an aqueous or buffered 

20 surface a, any tm>e after the first capture SBMs are immobilized. In the case of 
a nucle.c acid SBM, the blocking material may be appUed before or aTter 
m,mobU^Uon of the SBM. SuiuWe blockers include mose described above 

nx^2 T ^tr'°'^^' '° Denhard^s s^luln 
25 Bslr " - ° P° WPy-oUdone and 0.2 mg/ml 

DMA "^r" -u" '° ^ " P"'^"^^ '=^"^8 for both 

DNA and anubody SBMs and is available from Sigma Chemical, St Lo^, 

Ma (catalog no. C-3400). Casein belongs to a class of proteins known as 
meta-soluble" proteins (see, e.g., VS. Paten, 5,120,643 to Oung, et al 

them more soluble. Such treatments include acid or alkaline treatment Z 
are bebeved to perform cleavage and/or partial hydrolysis of the int« 
protem. Other meta-soluble proteins include zein (Sigma catalog no 2-3625 
and a non-albumin egg white protein (Sigma catalog no. A-52S3) Casein is a 
rf ""T.'^'^S a molecular weight of about 23,600 (bovine beta-c^e n) 
bu, as used herein, "casein" or "alkaline treated" casein both refer to a 
partiaUy hydrolyzed mature that results from alkaline treatment as described 
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in example 1 of US Patent 5,120,643, An electrophoresis gel (20% 
polyacrylamide TBE) of the so-treated casein shows a mixture of fragments 
predominantly having molecular weight less than 15,000, as shown by a 
diffused band below this marker. 
5 It is possible that the blockers, particularly casein, impart a hydrophobic 

nature to the surface that facilitates the ''sheeting" action described in the 
examples* "Sheeting" occurs when water applied to the surface can be tipped 
off the element in one cohesive drop rather than multiple small droplets. 
However, it is believed that the imiformity of the coating is more important 

10 than its hydrophobidty. Elements ttiat are formed into channel devices as in 
example 1 preferably exhibit such sheeting action. This is diought to facilitate 
flow and diffusion within the chaimel. 

It should be imderstood that the first specific binding member may be 
specific for the analyte through the intermediary of additional cognate pairs if 

15 desired. For example, an oligonucleotide SBM might be biotinylated and 

attached to the reactive surface via a biotin-avidin cognate binding pair. Such 
an attachment is described by Hansen in EP 0 139 489(Ortho). Similarly, an 
oligonucleotide might be attached to the reactive surface through a mediator 
probe as disclosed by Stabinsky in US Patent 4,751,177 (Amgen). When using 

20 intermediary cognate binding pairs, one must keep in mind that the total 

distance from the interface (at the reactive surface) to the light scattering label 
should not greatiy exceed the penetration depth. In this regard, it has been 
estimated that the diameter of an immimoglobulin antibody is about 5 nm 
and that the length of DNA 20-mer (in p-helix form) is about 6.8 nm. This 

25 leaves room for multiple cognate pairs in a tjrpical 200-300 nm penetration 

depth (see background). It also should be understood that the cognate binding 
interactions must withstand the subsequent reaction conditions which, for 
some applications, may include elevated temperatures. Longer 
oligonucleotides or ones with higher GC content are more stable and are 

30 preferred in this case. 

Light Scattering Labels 

Another important component of the present invention is the light- 
scattering label or particle ("LSL"). A LSL is a molecule or a material, often a 
35 particle, which causes incident light to be scattered elastically, i.e. substantially 
without absorbing the light energy. Exemplary LSLs include colloidal metal 
and non-metal labels such as colloidal gold or selenium; red blood cells; and 
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-nrT -"r ^^^^ 

from 10 rm. to 10 Mm ^^toHL^VIl ""^"^'^ ""^"^ 

200 nm. Tt^e iJT^^^lT^ to 500 ™n, and preferably from 70 to 

«i* parade size. Suitable parade LsJare a^bl^^^Zl """" 
Laboratories, Inc., Carmel, IN, USA *^ 

' "^-bermaybereferxertoasrt^^M^ '^f''^'*^"'^ 
SBM is referred to as -label t:1]^J^ T 

spedfidty of fte label SBM depends on J^on^ZC»^ZT 
competitive assay format thf. cnxx • «^ me assay. For a 

spJnony bindT^rae cap^e SBM " °' *' "''^ 

adir«.sand„id.assayf.rJ.7eriSBM7snira:^^^^^^ 

Ubei SBM is spedf^f^^sf^, 

»alyte R,r examl l ^ " with the 

is used. This iTdCsldt^T T'""' ""'^-P^'fl^ 'abel SBM 

i-m. ™pm, . ^„ J, „„,';XS'^ ■ 

.^.erface.d,tabi..yofrC~^^^ 

SBMs as weU as capture SBMs. «»iuerea tor label 
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Regardless of the assay format the label SBM must be attached to ttie 
light scattering label to form the conjugate. As with capture SBMs, the label 
SBM may be covalently bonded to the LSL, but this is not essential. Physical 
adsorption of label SBM onto particulate LSLs is also suitable. In such case, 
5 the attachment need only be strong enough to withstand the subsequent 

reaction conditions witiiout substantial loss of LSL, e.g. from washing steps or 
otiier fluid flow. 

A large number of covalent attachment strategies suitable for coupling 
the LSL and the label SBM exist in the literature. For example, an amino 

10 group can be introduced into a label SBM through standard synthesis 
chemistries (such as is available from Genosys Biotechnologies, Inc. The 
Woodlands, TX, USA). Chemistries to activate a LSL for covalent coupling to 
an amine-modified SBM include but are not limited to cyanogen bromide, N- 
hydroxysucdnimide or carbodiimide. AFFINITY CHROMATOGRAPHY by W. H. 

15 Scouten, 1981, John WUey & Sons, and SOUD PHASE BIOCHEMISTRY, 

ANALYTICAL AND SYNTHETIC ASPECTS by W.H. Scouten, 1983, John Wiley & 
Sons) describe such activation techniques. In some cases, for example N- 
hydroxysuccinimide and carbodiimide, the LSL must contain surface carboxyl 
groups; for cyanogen bromide activation the LSL must contain surface 

20 hydroxyl groups. Well known hetero- and homo-bifunctional linkers might 
also be employed in such covalent conjugations. LSL particles with the 
appropriate chemical groups and diameter for use as LSL can be obtained 
from several commercial sources (for example. Bangs Laboratories, Inc., 
Carmel, IN, USA). Covalent coupling of LSL to ti\e label SBM may provide 

25 advantages in systems where stringent conditions are required to improve 
binding specificity because such conditions may interfere with the non- 
covalent adsorption of label SBM to a LSL. 

Light Absorbing Materials 

30 In one preferred aspect of the invention, a light absorbing material 

("LAM") is added to the mixture of sample and label conjugate. The LAM is 
designed to prevent stray light from interfering in the light scattering 
reaction. Stray light arises primarily from microscopic imperfections in the 
reflecting interface and from scattering of the evanescent wave by particles 

35 that migrate to, but are not boimd in, the penetration deptii. The LAM, when 
dispersed in the bvilk solution, absorbs and minimizes the effect of such stray 
light better than when such a material is coated onto a surface to form an 
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/ 1 ' preferably more than 100 most 

P^ferably 300 or more. Ar. "e£lec«ve» O.D. J« into accol" fte 
wavelengU, of *e indden. Ught and is fte O.D. a. Ae ZZl „f 
monochromatic lieht and the n n n,- . '^-veiengtn ot 

polychromatic Ug^. " wavelength of 

Suitable LAMs include the contueate itself a< wii 
absorbing dyes. Ugh. absorbing dyes T^^^^ ^iZb" 
from the electromagnetic spectrum, ideaUy at J^^^^^ ^T 
U«^o^ev.avelength<s,of.helightsourcr. As'^tZt't^LX'""' 

=;rs:: drr^rritHr-d-r""-*^ 

M».o^cals..ns. Sp4ic dyesU.u^c'o^re'^rB rK-^^ " 

(Mflwau^e. WI, p„vides a wealth of Z.Tl^X^''^:'^!-^' 
dyes «.th the app„pHate light absorption properties 1 beX^^ ' 
comade wxth the wavelengths emitted by the Ugh. source 

Preferably, these LAMs do not interfere wi*h fK« 
SBM onto the LSL. or with the specifi^^ ^,^^tt:^''™j' 'f^ 
example i, a,e label SBM is a pepdde. polypeptide ^fo^ I" 

*etbeTsBr"°''rT*^'^"*''~'^^^^ S^-ly if 

properties, the dyes can be evaluated empirically to ^uf t^^Jn 

—dTi:: '^"^ — r:;iterrortLe 



h,<.h !"P^8'>''**~"'"S='«"««<^alsoserveasaLAM. Usine 
lugher than necessary concentrations of label conjugate, fore^mri? 
concenttations that provide an effective O.D of a. least S 
^ most preferably more than 500. has Zd 'tr'^^^ ""^ 
P^-L" '^^ concentrating a conjugate include affiLty 

punficahon or centrifugatton as described in examples 2 and 3 WhTZ 
may be used in conjunction with concentrated coZ^^'eT, has Z V^Z 
Uu.t high concentrations of conjugates alone are ~s::f«^ntn^""'' 
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phenomenon of adding more label to improve signal to noise levels is 
virtually unheard of in diagnostic assays and runs very much contrary to 
current thought. 

While LAMs are an optional feature of the invention, their use results 
5 in tf\e ability to use higher concentrations of label conjugate, higher 

intensities of Ught and larger label particles, all of which greatiy improve 
performance over systems that do not contain a li^t absorbing material. The 
enhanced effect of using a LAM is presumably due to the elimination of stray 
light at a point much closer to its source than any known prior art method. 
10 Coatings on the waveguide surface opposite the reaction surface can only 
absorb stray light that reaches this surface. Stray light in the solution is still 
free to cause imdesired scattering. 

Methods of Use 

15 Assay methods according to the invention employ TIR elements or 

waveguides as described above and include competitive and direct or indirect 
sandwich assay formats. An indirect sandwich format is depicted in Rgure 3. 

First, a TIR element or waveguide 62 is prepared as discussed above, 
having at least one capture SBM immobilized at one or more sites in the 
20 reactive surface at the interface 64. The capture SBM is specific for the analyte. 
In Figure 3, the SBM is a capture oligonucleotide, shown at 66, has the sequence 
5'-AGTGGAGGTCAACGA (SEQ ID No. 3) and is immobilized at the interface 
64. Preferably there are multiple SBMs immobilized to distinct sites that are 
spatially separated by non-sitiis portions. 
25 In a sandwich format, flxiid sample to be tested for the presence or 

amoimt of analyte is then brought into contact with the capture SBM on the 
reactive surface. The only general requirement of this process step is that the 
sample be in direct contact with the spatially separated immobilized SBMs to 
effect binding between analyte and the captiu-e SBM. Mild mixing of the fluid 
30 sample after bringing it in contact with the reactive surface is also preferred in 
the process of the present invention, but is not required. Such mixing may 
help to ensure close contact between the fluid sample and the immobilized 
SBM. In Ueu of mixing, a capillary flow of sample fluid across the reactive 
surface also promotes good contact and binding of analyte to the capture SBM. 
35 Next, a label conjugate is also brought into contact with the reactive 

svirface under binding conditions. The label conjugate binds to the analyte (or 
to a reporter group attached to the analyte) to form a light-scattering specific 
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bmdmg complex on or near the reactive surface. In the sandwich format the 
sample and conjugate may optionaUy be mixed prior to contacting the 

be T^eJloT ' ""^ P"^'*^*^ "^^^ ^ would 

be added to the conjugate or the sample-conjugate mbcture 

.nil hTT"".^ '° ^'^^ ^' ^"'^^ ^^'^^'^ Wghl scattering 

coUo^al selemum particle 68 to which are immobilized antibioL antibo^.^ 
7a The analyte xs the oUgonucleotide shown at 72 S'-TCGTTGACCTCCACT 
^EQ ID No. 12) which has been labeled with a biotin ('W') re;^n^ou^4 
The complementarity of the oligonucleotides and the antibody^edfdty for ' 
biotm hold the LSL within the penetration depth 76 of the waveL^ 
Numerous methods are known for incorporating such a reporter 
group mto sample nucleic acid. For example, the sample might be amplified 
usmg a technique such as PCR or LCR, wherein the pLers may be^Ae 
^porter. Alternatively, reporters can be coupled to individual nucleotide 
To^7^T ^"^"^ incorporated into extension products made 

^e'cRTriat.^^^ "''^^^^ ' 

cne u^K variation known as Gap LCR. 

r,n. r'T"' "l'«ni"aled in a maimer u, effect total internal 

renectton. Ught source, and physical principles of TIR have already been 
desmbed. In F^e 3, the scattering of the evane^nt wave is m J^ated at 
78 A sUt ,s preferably used to reduce stray Ught. At the sites where light- 
scattering specific binding complexes have formed, the scattering of light is 
observed as lighter areas against the darker background of the non-sitL 
porbons (see. e.g. figures 4-8A and 9-12). The bdghter the situs appears the 
more LSL « bound and the more analyte is present at that situs. The method 
can be used to quanata.e or semi-quantitate by reading the gray tones into a 

ea*^!^. *^ ™' "< "-'y- Present at 

In a competitive format, the TIR device and reactive surface are as 

'JUI^, T^^' ^"'""-^"^'OS competes with sample 

analyte for the capt«e SBM. Thus, the brighmess of the spot is inversely 
reUted to fte quantity of analyte. In this format, the sample and conjugate 
must be m«ed prior to contact of either one with the reactive surface A 
LAM B useful in competitive formats, just as in sandwich formats 

It should be pointed out that the phenomenon variously known as 
leadmg edge" or "shadowing is not observed to be a problem with the 
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present invention. This phenomenon is seen in chromatographic flow 
devices where binding of label at downstream sites is less than binding at 
upstream sites. This phenomenon is avoided principaUy because the factors 
that control binding of LSL are predominantly diffusion, not 
chromatography, even though some embodiments utilize a flow channel. 

While it is possible to use the device of the invention by sequentially 
directing a light beam to individual sites and creating small lod of evanescent 
wave generation as in the prior art, it is decidedly more preferred to 
illuminate the entire waveguide at once, thereby creating evanescent wave 
energy across the entire reactive surface. This simultaneous illumination of 
the entire reactive surface is what enables simultaneous examination and 
comparison of all the sites, and thereby permits a far more rapid detection 
than was previously possible. A major advantage of the systems of the 
invention is that they permit real time binding and/or dissociation kinetics to 
15 be observed and allow for the development of a visible signal in a matter of 
seconds, e.g^ from 1 to 20 seconds, in the preferred embodiment. The entire 
waveguide reactive surface can be seen (and/ or detected) at once and it is all 
illuminated simultaneously, so the accumulation of LSL at a situs can be 
observed in real time since there is no need to scan each situs either for 
20 Ulumination with incident Ught or for detection of scattered light. 

This finding is somewhat surprising in view of the prior teachings 
regarding TIR. Typically, the detectors of TIR elements are situated at the 
outlet of the element in order to gather the Ught as it exits the element. It has 
always been assumed that the Ught exiting the element was altered by the 
25 binding event. Indeed, detections using outiet light would not be possible 
without such a modification of the Ught by the binding events. Thus, one 
expects the Ught to be changed in some way by the binding event. In view of 
this, one could not guarantee the Ught would behave the same way upon 
encoimtering a second binding site and the teachings thus discourage 
30 multiple sitxis elements simultaneously illviminated by a common light 

source. The instant invention surprisingly finds that the intemaUy reflected 
Ught at a downstream situs (with reference to light source) is not interfered 
with by binding events at an upstream situs. 

Moreover, the degree or extent of binding can be monitored in real 
35 time as various conditions are changed. For example, where the SBMs are 
oUgonucleotides aUowed to form strand pairing and the changing condition 
is stringency, dissociation of the strands of nucleic add (which results in 
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5 temperature increases A*. «h^« ™c strength. Increasing the 

two-plate device described above can ^LZ *^ 
Oligonudeodde „eU temperaZs^^ T T ' 
--Pondence,W.H.o.uLXe^:^.11Jr^3-^^ 
10 increased by decreasing the effective concentia^!^ „ Sinngency « also 
■iiluBon with water Thu^ ,h. «>"«'»rahon of cahons, such as by 

invention provide a I^2^JZT:'^':r'""'' " 
»e.«ng ten-peratures. By conJZ,T^:,^ZTV' 
<i««inguish a perfectly complementan- str3 , ™* 

ability. This IJZI^L T " °f binding 

holding the SBM to the ~d?s^L"'r*' "'^^^ in 

SBM, should preferably withsCd su^^t^r^co^'a ""V" 

that thl'^g^ts" dXt : r "'""^^ --"vention is 

-Shed Off L cap.::r: i:7rrrcT'"' '^-^ "°' ^ 

radioacHve labels, the unbound label mu ^b^ remo " 
prevent unwanted signal. However, the Ibo"/^" *^ 
invention generaUy diffuse awav fr„™ n, * present 

give Signal even ^^p^Z^ZZ'^E^'"': 
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to monitor the precise temperatures of a waveguide, or as a manufacturing 
quality control to monitor the uniformity of heat transfer. As a thermometer, 
a series of oligonucleotide pairs of known incremental melt temperatures are 
placed in a series of situs on the reactive surface. As the temperature is 

5 increased, the pair with the lowest melt temperature will dissociate first, 
followed by subsequent pairs in order of thdr melt temperatures. The 
temperature of the reactive surface can be determined by knowing the melt 
temperatures of these calibrator oligonucleotides. A 'ladder-like" effect is 
obtained if the oUgonudeotide pairs are deposited in a linear array in order of 

10 their known melt temperatures. 

Furthermore, the uniformity of heal transfer can be evaluated in a 
quality control setting if the entire waveguide is covered with 
oligonucleotides of identical melt temperatures. Dissociation should occur 
instantaneously on all sites if heating is uniform. Such a chip can be used to 

15 determine is the heating block exhibits variations that lead to "hot spots" or 
"cold spots". 

Detection of Scattered Light 

As alluded to above, the scattered light may be detected visually or by 
20 photoelectric means. For visual detection the eye and brain of an observer 
perform the image processing steps that result in the determination of 
scattering or not at a particular situs. Scattering is observed when the situs 
appears brighter than the surrounding background (see, e.g., the Figures 
associated with examples). If the mmiber of sites are small, perhaps a dozen 
25 or less, ti\e processing steps can be effected essentially simultaneously. If the 
niunber of sites is large (a few hvmdred or more) a photoelectric detection 

systems is desired. 

Photoelectric detection systems include any system that uses an 
electiical signal which is modulated by tiie light intensity at the situs. For 

30 example, photodiodes, charge coupled devices, photo transistors, 

photoresistors, and photomultipUers are suitable photoelectric detection 
devices. Preferably, the detectors are arranged in an array corresponding to 
the array of sites on the reactive surface, some detectors corresponding to 
non-situs portions. More preferred, however, are digital representations of 

35 the reactive surface such as those rendered by a charge coupled device (CCD) 
camera in combination with available frame grabbing and image processing 
software. 
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incorporated herein by reference Brieflv th. rr-^^ 
Situs portions, and feeds this imaee to a fr^J. 

) numerical value is assigned u> each V^Z^Zr> ^,T^ ' 
black image, and two hundred and Lr-flveTisT "P'^eM* a 

RAM o?:."ragrd™rL":r "^""^i °" ^ - ~ 

maninulariol manipulation. Two kinds of 

Of *e ir^ge for archival purposes, as^w^f d r^*^ reo'^er"^ 
generated in the examples to produce figures 4-7 8A and 9 12 A ^k, 
drawing appUcation is Publishers Paintl^h s^tlt^ zl^ft Co 
Georgia); although many other software packa-H^ "'^ ^ 

imports in a wide varietv nf filo f P'^S^ accept or convert file 

BMP RI V T ^ ™duding "raw". TIFF, GIF PCX 

^^j-^:^ i^rnoTLrth-r rr r ~ 

-uu in a true and faith/ul represen.a;rort,:^;::;r " " 

infornu"::: a!fd fer^nfCT " be used to analyze the digital 
average or representaC tat "re^;:. ^ r ' ri:*"'."^" 
corr^J. p^Hvely with the amount of .1 preslT^e^jri 

^rtof ^ man.pulat.on is evident in examples 2 and 5 and produced^res 
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obtained. This kinetic information is valtiable especially when the assay is 
intended to be quantitative, since the time-dependency (i.e. rate) of the 
increase or decrease in the amoxmt of light scattering may be more accurately 
indicative of the levels of the binding pair members present in the fluid 

5 sample than the total amount of scatter by the reaction at any given reaction 
point in time. AdditionaUy, U\e use of multiple images can provide a data set 
over which the increase in scattered light detected is of a known fxmction 
with respect to time. Measuring the rate of change of the intensity of scattered 
light from a given region of die reactive surface versus time provides a 

10 reaction rate. By using reaction kinetics, the rate is correlated to a quantitative 
meastue of analyte conc«ntration in the sample solution. Of course, data may 
be gathered at more than two times; generally the more data points obtained, 
the more reliable the kinetic or rate information. 

An alternative method may be used instead of reaction kinetics. In this 

15 method one integrates ti\e scattered light intensity versus time. The area 
obtained by this integration correlates to the concentration of the analyte in 
solution. 

Various embodiments of the invention will now be shown by detailed 
example. The examples are illustrative only and are not intended to limit the 
20 invention. 

EXAMPLES 

Example 1. hCr: Tmrnuno assav using dve LAM 
A. Binding of capture SBM to the waveguide 

The waveguide used herein was an antibody coated standard glass cover 

25 slip commerciaUy avaUable from Coming (Coming, N.Y.; catalog #2, 22 mm 
sq.). The reactive surface was created on the glass waveguide by applying a 
small amoimt (approximately 2 |il) of an antibody solution (e.g., affinity 
purified goat polyclonal anti-phCG, 10 mM phosphate, pH 7.4, 120 mM NaCl) 
to a delimited, roughly circular area. The stock antibody concentration was 3.3 

30 mg/nU and could be used directiy or the antibody could be diluted 1:10 into 1% 
sucrose (1 % weight per volume [w/v] sucrose dissolved in water) before 
application. In either case, excess antibody was applied relative to the amount 
of protein that could be retained on the surface of the waveguide, and this 
excess antibody was washed off with water and allowed to dry. 

35 Following immobilization of the antibody to the wavegmde, the glass 

surface was treated witi\ 0.05% alkaline-ti-eated casein in water to block non- 
specific interactioiis between the glass surface and material in the fluid sample. 
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A sufficient volume of the 0.05% casein solution to cover the surf,~ 
incubated at room temoerature «™ i s • surface was 

with water using a til ^""^ 

adsorption and LCin'T^^ ^TC^^:^" 

removed by gravity flow. ^ »«*xace was 

B. Assembly of the device 

. Slips as"sh™i:r^*rc:fer'"r;f'^'''"°^'-^ 

*e bound capture IZ'^l^'Z^^^Z S^Tr^^'r*^^ 
hold the sample-coniueate soluHon tk ^ <*Mmel to 

together b, dLblHr CrLe^oTiZ ^"7"^ 

Rock, Penn) so as to form a cha™^^<; "^""^ I"-^. Glen 

OUC (the thickness iT^'JZ Z rl^cL'T'^'^'^ ^ 
approximately 25^1 in volume. ^ 

C. lUimiination of the waveguide 

ISO war;c':^dr„'r:;,^ a'^r - -"^-^'-^ ^ 

-erted into the light source 1^^:^:^^:^ int .T/r 
bgh, rece,vmg edge of the waveguide (see figure 2A) Althoueh 1 
waveguide was inserted into the sUt at apprS™tely « ^el^fve ,1 . 
no attempts were made to optimize the awle of inriH , , u 
Ugh. hitting the element at iL than t^c^ a^^e " ^"^'^ 

^N^ralt^"'" <^°"*"8«e. Ugh. Ab«,rbing Dye 

„i • 8' 100 ml dissolved in water) Tm „t „t ..i. 

selenium conjugate was then added to 40 m1 of hCG caUbrator rh^r ,f 
Congou from Abbott Laboratories (Abbon Pa,k, l^^'Z^o^'"'' 
Finally. 2 to 3 m of blue McCormick food coloring dye (M^^^L. 
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VaUey, MD) was then added to this mixture, giving a final O.D. of 140-200 at 
630 nm. 

E. Detection of Ught-Scattered Signal 

5 Scattered light derived from the interaction of the evanescent light 

wave with the light-scattering label can be detected visuaUy, or by means of a 
standard video analysis system. In tiie case of visual detection, a signal was 
observed in approximately 1 minute and becomes very visible within 5 
minutes. This visual signal was recorded using a standard 8 bit CCD (charged 

10 coupled device) camera (Cohu model 4815 Cohu, Inc., San Diego, CA). A 

digital representation of the image was created using a frame grabber (Imaging 
Technology Incorporated, PC VISION plus Frame Grabber Board; Wobum, 
Mass) in a Compac DeskPro 386/20e (Compaq Computer Corporation, 
Houston, TX). The digitized image data file was converted and imported into 

15 PubUshers PaintBrush software (ZSoft Corp., Atianta, Georgia) from which the 
image was printed on a 300 dpi resolution printer. The printed image is 
shown as figure 4. 

Example 2- Improved hCG W aveguide Assav 
20 A. Assay Configuration 

The assay was nm as described in example 1, however, the selenium 
conjugate was concentrated by a factor of 30X as follows. Ten ml of selenixmi 
colloid, 32 O.D. at 546 nM light, was mbced with 25 h1 of anti-hCG antibody 
(1 mg/ml; described in example 1) and 300 jil of 20% BSA (see example 1). The 
25 resulting solution was placed into two 6 ml capacity centrifuge tubes and 
centrifuged using centrifuge model Centra-4B (International Equipment 
Company, Needham Heights, MA) at 5,000 R.P.M. for 10 minutes to pellet the 
selenium conjugate. About 9.66 ml of the supernatant, straw yellow in color, 
was removed so as to leave the selenium pellet, deep red in color, 
30 undisturbed. The selenium conjugate pellets were resuspended and combined 
in the remaining 0.33 ml of supernatant. The hCG "samples" were the hCG- 
Urine high positive, low positive and zero controls obtained from Abbott 
Laboratories (Abbott Park, IL; catalog #3A28-02) which contain, respectively, 
250, 50 and 0 mlU/ml hCG. In addition, 0.5 ml of 10% casein (100 mM Tris, pH 
35 7.4, 150 mM NaCl, 10% w/v casein) was added to each of the controls as a 
blocking agent to prevent non-specific binding, fiiwl casein concentration 
0.9%. The wavegtddes were constructed as described in example 1, except the 
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polyclonal anli-hCG antibody was aoolipH f« *k i 

5 this case the opL deiLT^f J^tTT *° -aveguide. In 

P^eventbackg^^asca^e^,. ^ :lZ^^rStZZ1Z 
«»iugate increased boO. a« sensitivity and speed 
development, surprisingly without an increase in backJ.^ 

0 mlU/ml sample gave no appreciable signal ft" s tS^^ T?f " ^' 
~tion, gave a visible signal in abo^t ^ ^^rT^^i''^^ 
sample (final concentration) gave a signal in 5 seconds or less Fi^Tf 
•maged, digitized and printed as in examnl. l r, k . ^ ' 

1 second for the high ^sitive hc" sampW125 n^Tn T """"" 
waveguide dunrnd fiu™, wi* .J^ ^ >nJU/ml). Tm.e.0 shows the 

.be ira^, a:ri^L.»tt;:z ojrtr-' """^^ 

5 and 20 seconds shows a dearly ville pTus L;::""' 

B. Sensitivity Determination 

Waveguide chips were made as above, however a ^incio . c 
antibody solution (see example 1; polyclonal anlTcG InTf 

e='rns::;rtL~r^^-^^^^^^^ 

digital Video image acquired after^' mtau e JL^jr*" ^ 
grabber and a CCD video camera Th^r^!,? ^ generabon using a frame 
grayscale values, ranging -Zo^J^tZ^'^lZ^-Z'^^^^^^ 

o, a series o/ such numbers and each numher cc^s^ o 1 
particular and unique pUel location of the image 

■"'"«"»«ng digitized data were analyzed using Image Pro Plus 
software (Media Cybemetics, Silver Spring, MD, whereby a S^ar ^a 



wo 96/09532 



PCT/US95/11922 



-33- 

obtained for the capture situs and for a representative background, non-situs 
portion adjacent to the signal situs. The difference, signal minus backgroimd, 
constituted the measured value. The data obtained for this experiment is 
shown in Table 2.1: 



TABLE 2.1 



0 mlU/ml 
Signal Back- Net 
ground Signal 



31 mlU/ml 
Signal Back- Net 
ground Signal 



50.9 
51.6 
50.6 
64.1 
66.2 
54.8 



44.8 
44.6 
44.1 
58.6 
58.7 
48.0 
mean: 



6.1 
7.1 
6.4 
5.6 
7.5 
6.8 

6.6 ± 0.7 



69.6 

78.4 

112.4 

102.3 

105.7 



50.2 
54.7 
77.0 
64.2 
76.0 



19.4 
23.7 
35.6 
38.1 
29.7 



mean: 29.2 + 7.8 



The mean net signal for the 0 mlU/ml experiment is 6.6 + 0.7 mlU/ml 
and for the 31 mlU/ml experiment, 29.2 ± 7.8 mlU/ml. Hence, by linear 
10 interpolation, 1 gray level = 1.4 mlU/nU and a net signal value equal to 2 

standard deviations above the 0 mlU/ml net signal, i.e. 1.4, yields a sensitivity 
estimate of about 2 mlU/ml. 

Example 3. Thvroid Stimulating Hormone (TSH) Imm unoassay 

15 A. Bind capture reagent to the solid phase 

A waveguide was prepared as described in example 1, except the 
antibody capture situs was created on the glass surface of die waveguide by 
appl3dng a small amount (approximately 2 nl) of an antibody solution 
composed of affinity purified polyclonal anti-aTSH antibody at a 

20 concentration of 0.25 to 0.5 mg/ml. The antibody solution contains 1% 

sucrose. The antibody was allowed to dry and thereby became immobilized 
and was adsorbed onto the glass surface, rinsed with HPLC water and forced air 
dried. Following immobilization, the glass siuface is treated for <1 minute 
with 0.05% alkaline treated casein (100 mM Tris, pH 7.8, 150 mM NaCl) to 

25 block non-spedfic interactions between the reactive surface and material in 

the fluid sample; and to promote flow through the channel. The excess casein 
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is rinsed off the slide vnth HPLC water in » "^u^^ 

liquid is dried by f6«ed air ^heetag acaon". Any „uu^g 

The diqMsable was assembled as described in .v>.«„t. , ^ 
^ '"".esU.ape^ureofU.eUgh.sourceasdes^i^r:::^;;'^"'-^'-'' 

B. Addition of Sample and concentrated light-scattering conjugate 

added ' °" "^"'^^ ""^'^ » "8ht scatterilg^ugate was 
added to the reacbve surface such that the capture situs was coverej Uehr 
scattermg conjugate was prepared by labeling a second ,n«h^ , f 

10 anH.pT«.; ,o ,g/ml, with selenium'coUoid 1^:^.7 ^"Z^:^ 
(absorp^on maximum wavelength of 546). After miLg for 10 
conjugation was blocked with 0.6% BSA and spun a, 80«> rvmfT^' , 
to concentrate. The conjugate was resuspend^ in i/^ Tj^^ f T 
Next, 15 Ml Of sample buffer, which consLed of ^S^Z , ^ 

IS mixed With Z5m of 10. alkaline-trea in";'^^!"^ fr^rT^sTL 

sample. The TSH samples were the IMx® Ultrasensitive hlSH Assav 
ZZZ^'^:T^^ eomme^Ully from Abbott Laboratories ^auLg 
#A3A62-01) and havmg TSH levels as foUows: A.0, B=0 5 C=2 D-in pLn 

::::p.:b!fr"- 

crc'entratfon: """"^ " ^' « calibrator s 

C. Detection of Light-Scattered Signal 

wave r 1"" °' -»«*cent Ught 

sZdZ H ■^""^^S detected visuaUy and by means of a 

sumdard v,deo analysis system (see e.g., example 1). In L case of 
det^f on^ a signal was observed in approximately 1 minute. Hgure 6 Zs 
unaged, d.8„«ed and printed as in example l-D. As shown in We 6^ 
30 signal above background is clearly observed in 1 minute. The esto^t^ 

0.125 mu/ml TSH u barely visible by eye and distinguishable above ze^ 

35 A. DNA Waveguide Construction 

cause ^J^^y,"'^""' genetic mutations that 

cause cysbc fibrosa were constructed from glass substrates 1 cm square. 
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Oligonucleotides were immobilized to the glass to provide multiple capture 
sites in the reactive surface. In particular, nine different oligonucleotides, 
designated CATOl through CAT09 (SEQ ID Nos. 1-9) were applied to the glass 
surface of the waveguide to form a 3 x 3 array pattern sud\ that the CAT# 
5 corresponded to the position occupied by the same munber on a standard 
touch-tone telephone. DNA spots were about 2 mm in diameter and about 2 
mm apart. The sequence and mutation site of CATOl through CAT09 (SEQ ID 
Nos. 1-9) are shown in Table 4.1. 

10 TABLE 4.1 

Oligo Sequence Mutation 
SEQ ID No- Designation 5'- ■ to ■ ■■ 3 Designation 



1 


CATOl 


TATCATCTTTGGTGT-NH2 


A508WT 


2 


CAT02 


AATATCATTGGTGTT-NH2 


A508 


3 


CAT03 


AGTGGAGGTCAACGA-NH2 


G551D WT 


4 


CAT04 


AGTGGAGATCAACGA-NH2 


G551D 


5 


CAT05 


AGGTCAACGAGCAAG-NH2 


R553X WT 


6 


CAT06 


AGGTCAATGAGCAAG-NH2 


R553X 


7 


CAT07 


TGGAGATCAATGAGC-NH2 


G551D + R553X 


8 


CAT08 


TGGAGATCAACGAGC -NHj 


G551D + R553X WT 


9 


CAT09 


TGGAGGTCAATGAGC -NH2 


G551D WT+ R553X 



The human genetic mutations are indicated by standard notation. For 
example, A508 indicates a 3 base pair deletion at position 508 of the cystic 
fibrosis transmembrane conductance regulator polypeptide (J. Zielenski, et al. 

15 Genomics 10:214-228, 1991). The "WT" indicates the wild type or normal 
sequence at this position. The presence of the amino group at the 3' end of 
the oligonucleotide facilitates immobilization of the DNA to the surface of 
the waveguide, however, the mechanism is not presently known. The DNA 
solutions were prepared by S5mthecell (Coliunbia, MD) and were diluted 1:20 

20 into PBS (phosphate buffered saline, pH 7.4) buffer and applied to the glass 
surface of the waveguide using the blxmt end of a drill bit approximately 1 
mm in diameter. DNA was immobilized on a dean glass surface or to a glass 
surface previously coated with 0.05% casein; hybridization results were 
indistinguishable. The final concentrations of DNA applied to the glass 

25 stirface of the waveguide ranged from a high value of 14 nM for C AT02 to a 
low of 0.9 |iM for CAT08 and was determined by comparison to the 
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concen^ation of starting material received from Synthecell. After 
Wncat^on, the DNA solutions were aUowed to dry on the chip at room 
^a^e or, on humid days between about SsTand 80% rlt^vT 
humidity, m an mcubator set at 50-70 <C until dry (about 10 minutes) Thi. 
LrbTdV^r - ^Xb^di^tionXture sites—^X 

B. Hybridization 

To evaluate DNA waveguide performance, nine additional 
ol.gonucleo.ides, CAT21B through CAT29B (SEQ ID Nos. lO-W) weie 
syntheazed by SynlheceU with a biotin label on the 3' xk 
the test DNA oligonucleotides are listed in Ti"e 4I ^"^''^ 




11 

12 
13 
14 
15 
16 
17 
18 



CAT21B 
CAT22B 
CAT23B 
CAT24B 
CAT25B 
CAT26B 
CAT27B 
CAT28B 
CAT29B 



ACACCAAAGATGATA-biot in 
AACACCAATGATATT-biotin 
TCGTTGACCTCCACT-biotin 
TCGTTGATCTCCACT-biot in 
CTTGCTCGTTGACCT-biot in 
CTTGCTCATTGACCT-biot in 
GCTCATTGATCTCCA-biot in 
GCTCGTTGATCTCCA-biot in 
GCTCATTGACCTCCA-biot in 



(SEQ ID r ,01 f " "'"^'^ *a, CAT21B 

n! U Hs eo ' (SEQ ID No. 1), CAT^B (SEQ ID 

ID No. 18) which IS complementary to CAT09 (SEQ ID No 9) 11,. 
concentrations varied from a high of 473 mM for CAT2SB f<3!n m k. , 
W 151 mM for CAT.7B (Se| ID No. Each ^^^^^jr ' 

7Tt/:lM mV^>"'° ' Of hybridization buffer (1% casein. iTn^^f 1 

DNA waveguides and incubated a, room temperature (approximately T 
for 5 nunutes. The surface of the DNA waveguides were washed wift ras 
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using a wash bottle and then stored vinder PBS vintil detection of 
hybridization. 

C. Detection of Hybridization 
5 Hybridization of the nine different biotin labeled DNA's was detected 

in the waveguide by light that was scattered from a selenium anti-biotin 
conjugate. The selenium conjugate was prepared by addition of 2.5 nl of anti- 
biotin (polyclonal rabbit anti-biotin antibody, 1.13 mg/ml in PBS, pH 7.4- see 
EP 0 160 900 Bl to Mushahwar, et al., corresponding to US Serial No. 
10 08/196,885) to 1 ml of selenium colloid (32 O.D. concentration) from example 
I, followed by addition of 30 \iX of bovine senun albumin (powder BSA 
dissolved in water to give a 20%. w/v solution). Fifty \il of the conjugate 
solution was applied to tiie surface of the DNA waveguide and Ught directed 
into the side of the waveguide to observe binding of selenium to the various 
15 DNA capture sites. Positive hybridization was visible at many sites within 1 
minute. The DNA waveguides were washed with PBS to remove excess 
selenium conjugate, iUuminated to effect waveguide excited light scattering, 
and imaged using a Cohu model 4815 CCD camera. The image was digitized 
and printed as in example 1-D, and is shown in Figure 7. The entire pattern 
20 of DNA hybridization was detected using the waveguide in a single image 
measurement and aUowed determination of the DNA sequence of the oUgo 
applied to ti^e waveguide. In tiie case of CAT21B (SEQ ID No. 10) and CAT22B 
(SEQ ID No. 11) (first two frames of Figure 7), the hybridization pattern was 
relatively simple because tiiere was negligible sequence homology of these 
25 oUgonudeotides with DNA capture sites other tiian CATOl (SEQ ID No. 1) 

and CAT02 (SEQ ID No. 2), respectively. In die case of CAT23B-CAT29B (SEQ 
ID Nos. 12-18), however, significant sequence homology results in a more 
complicated binding pattern. 

30 Example 5. Rpal Time DNA Melting 
A. DNA Waveguide Construction 

Waveguides contaiiung two DNA capture spots were made by applying 
1 ^d of an oUgonucleotide solution containing CAT03 (SEQ ID No. 3) and 
CAT04 (SEQ ID No. 4; 1:20 dilution into PBS) to die waveguide cover sUp 

35 (coated witix 0.05% casein as in example 1) foUowed by drying at room 

temperature. Excess DNA was rinsed from the two spots with water and tiien 
tite chips were dried at room temperature. The DNA waveguide with two 
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spots was joined to another glass cover slin tn f 

the assay reagents as in example 1 ^ ^ disposable for housing 

B. Hybridization and Detection 
^ A solution of either CATmr iccr\ rr^ 

15 mM Naa. TOe soluble 1 l^l mto 1 r»l of :» csefa, JO o^i Tris, pH 7 4 
waveguide disp^b^Hp^r^^^ 

10 the chapel by toToducHo^ o^se^^ ^t T '^P''"" 
waveguide was placed in the lieh, r '*^P'' 
nvo bright spots ap«a^ " .rr' , '° '"^ Within seconds, 

had occurred. HySdization ^t^^^l hybrtdiz,«o„ 
(SEQ ID No. 3) was expected ^^L^T ^ '^"^ ""^ "^ATOS 
15 No. 12) and (SI^NoTh^'^ °" ^^^^ 'SEQ ID 

(SEQ ID No. 12) and (^qIT":: CATOB 

conditions of low ^e^T^^^^]'^^ ""'^ ^ -S"' Pair. At 
NaCl), there was not suffldTt d^a^ '""P^ae-e) and high salt (15nO^ 
distinguish a Single base mi^^:! " "xWdizatton process to 

C. Real Time Melting 

.en^pe^re ^ r^N^ ^ f ^ ""^"'"^ *'^'»^«'"> P^^- *e 
appUed ,o the non-wavegX t/T T""*' " ""'^^ "'"^ 
25 Slip used to create the c^Slel of In *^ "-ver 

hybridization pattern wasXded LtalT'f ^ f *^ 
Video Cassette Recorder (VCR)ll" f T * " ' 
temperature of the heating k Z T 
fte second glass cover sh> ^e^to ""eT^^'^ ' » 
30 measured using a thermocouple A d L *'*^^' °' *^ "^P"**"'-' w« 
series ,65 temperature controUe^, t^t^^^cZZV 
recorded by imaging with the CCD cam«" Z^l T'^' 
intensity of the DNA sites d.„« ^ temperature inoeased, the 

addidon, the T^siTJ^> "'^"^ '"^ ^'^^ "^'toS- I" 

as at lower .emper^t«l~i*;t""'*''' ^'^^ 

As a result, i, was po^Ule ^a^Z^^t T"^"^ DNA 
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Data, in the form of video images^ was collected at every 1 *C increinent and 
was digitized using the frame grabber as before. Figure 8A is the printed 
representation of the data at 5"C intervals, which shows that by about SOX! 
the mismatched spots begin to fade but the perfectly matched pairs remains 
5 visible until about 60'C. The intensity of die capture sites was measured as in 
example 2 and the mean ^ot intensity was calculated for each temperature. 
Figure 8B is a melting curve plot for CAT23B (SEQ ID No. 12) and Figure 8C is 
a melting curve plot for CAT24B (SEQ ID No. 13). Melt temperatures are 
estimated as the point halfway between the top and bottom plateaus. 

10 

Example 6. DNA HvbriHi yatinn Assay Sensitivity 

Sensitivity of the waveguide DNA hybridization assay was estimated 
by observing scattering signal intensity as the concentration of DNA applied 
to the waveguide was reduced. Four identical DNA waveguides were made 
15 by applying 0.5 ^1 of CATOl (SEQ ID No. 1) and CAT03 (SEQ ID No. 3), which 
were diluted separately 1:20 in PBS. This procedure was repeated 2 times to 
form a 2 X 2 array with CATOl (SEQ ID No. 1) at the upper-left and lower-right 
comers (as viewed) and with CAT03 (SEQ ID No. 3) at the upper-right and 
lower-left comers (as viev^red). The DNA spots were dried in a 70 oven for 
20 15 minutes and, without washing off excess DNA, a second cover slip was 

affixed to form a channel as in example 1. CAT23B DNA (SEQ ID No. 12) was 
diluted into hybridization buffer (1% casein, 10 mM Tris, pH 7.4, 15 mM 
NaCl) to give concentrations of 39.6 nM, 4 nM and 0.4 nM. Hybridization 
buffer only was used as the foiarth concentration of DNA (0 nM). Thirty ^1 of 
25 each DNA solution was introduced to one of the fovir waveguide devices. 
The DNA solution was applied to the open gap at one end of the waveguide 
disposable and the channel was subsequently filled by capillary action. The 
solutions were incubated at room temperature for 10 minutes to allow 
hybridization to occur. Next, 30 nl of selenium anti-biotin conjugate 
30 (example 4) was applied to one end of the channel and a paper towel applied 
to the opposite end of the channel to remove the DNA solution and, by 
displacement, fill the channel with conjugate solution. The hybridization 
was detected by illvunination of the DNA waveguide while the channel was 
filled with conjugate solution. After one minute of selenium conjugate 
35 binding, a digital image of the waveguide signal was acquired using a Cohu 
CCD camera at 30 frames per second. The imported and printed image of each 
of the four chips is shown in Figure 9. Specific hybridization was indicated by 
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20 



25 



30 



35 



the presence of signal only at the CAT03 (SEQ ID No 3) sites Th.r. ^ 
signal from any situs on the chin with n «x>i , "^^^ 

5 under these conditions and represents .^TT ^ waveguide 

AS a typical co.pa.so. Peas^X^^^^^^^^^^^ 
report detecting a 10 nM concentration of descent label^ DNA L 
conjunction with a laser-scannine system in ^ ro.H r 
1/30 of a second. ^ ^^^ad of 

I 

appHctions o, a stng.e ouZ^^^^.trZ'^^ Zlrrj^r^T^ 
Automove 102 XYZ Table (Asymtek Carlsbad CaZ, Asymtek 
ISO ^ diameter pin into a so^tio^' oT^™ ^A^V^^rrl ^° ""^ " 
into PBS) and then «.uch the pin to the surface Z ^sZ tatTi "^sr* 
glass waveguide. The process was repeated 323 Hn^Jf T 
of DNA spots ,50 Mn. ^ dian^ter spa^'So'^TprXTs 

a^ay and. hence. 323 spots,. The entire JT^y o^^a Ce ~ 

The resulting waveguides were dried, washed with water and 
TI" "T"""" "y^^^fon. Hybridization was ^^^.t 
P^ong a sown of CAT21B (SEQ ,D No. ,0) dUuted 1:1000 in ,„ 
^ Tr«, pH 7.4. 15 n^ NaCl on the surface of the waveguide so ar^!^ 
the entire anay for 5 minutes at room temperature The ZZ 
™sed from the surface of the waveguide ,^ing PBS Inl H . 
was detected by covering the surface^f the Zr^dTti* se^i;" 
biotin conjugate (example 4) and Uluminating thT^fvelde H ' 
of the CAT21B DNA (SEQ ID No. 10) to «,e DNA ct^d b 
visuaUy in approximately 30^0 seconds, ^e^xcrcol^at ' 
washed away by pUcing the chip in a dish of I^ ^ h^T^^t^roatr 
was recorded by digitization of a video image using a frJT^^i^ ^t T 
A panted representation of the image data I s.Zt7;f.TZTC 
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seen, the waveguide detection allowed simultaneous measurement and 
differentiation of all 323 hybridization sites. 

f vam ple 8. Dissociation of Hybridized DMA bv l-nw Ionic Strength 
5 Another advantage of waveguide detection is reusability. In this case 

the sample DNA hybridized to a surface of the waveguide must be sti:ipped 
from the chip without harming the DNA fbced to the surface. This example 
demonstrates the utility of the waveguide to moiutor the regeneration 
process. 

10 Cystic fibrosis DNA waveguides bearing oligonucleotides CATOl 

through CAT09 (SEQ ID Nos. 1-9) in a 3 x 3 array were constructed as described 
in example 4 using a 22 mm square #2 glass cover sUp. A flow channel was 
formed by affixing a second cover slip to the wavegviide using silicone 
adhesive (Dow Conung, Midland, MI) and two pieces of tubing at opposite 
15 diagonal corners to provide an inlet and outiet. The coversUps were offset as 
described in example 1 to allow injection of Ught into the upper coverslip 
which functioned as the waveguide. A solution of CAT23B ((SEQ ID No. 12) 
which is perfectiy complementary to CAT03 (SEQ ID No. 3)) in hybridization 
buffer (1% casein in 10 mM Tris, pH 7.4, 12 mM NaQ) was manually pumped 
20 into the flow channel using a syringe; flow was stopped and hybridization 
was carried out for 1 minute. Next a solution of selenium anti-biotin 
conjugate (example 4) was pumped into the channel displacing the DNA 
solution; flow was stopped; and hybridization was detected by waveguide 
Uliunination in the presence of conjugate (as before). Next the channel was 
25 washed by pumping in PBS to displace the conjugate solution. Finally, the 
hybridized DNA-selenium anti-biotin conjugate complex was dissociated 
from the surface of the waveguide by pimxping pure water into the channel. 
The water increases the stiingency conditions by diluting out the NaCl to 
decrease the ionic strength. The dissociation of the DNA and selenium from 
30 the capture sites was observed in real-time and recorded using a video camera 
and a VCR. At various times of the dissociation process the video image was 
captured using a frame grabber, digitized and printed as before, and the results 
are shown in Fig. 11. Because of excessive air bubbles in the flow chamber, 
only the upper right 2x2 array is shown; e.g. four sites corresponding to 
35 numerals 2 (CAT02, SEQ ID No. 2), 3 (CAT03, SEQ ID No. 3), 5 (CAT05, SEQ ID 
No. 5) and 6 (CAT06, SEQ ID No. 6). As can be seen, ti\e process of 
dissociation was followed from (he initial inti-oduction of low ionic sh-ength 

BNSDOCID: <WO_9e09532A1J_> 



wo 96^)9532 



PCT/US95/1I922 



10 



15 



20 



25 



30 



le 9. MnlKplf x AnK|^Y Test fa, pK i a 
A muiaplex antibody tese for W-haotenated nMa _ j 
using a conunon bioto SBM and a diffeC^c^t^^^cS^"* 
of the 3 oUgonucleoUde products SurhTl SBM umque for each 

^presantative of product ^b^tedt a ^^ITT - 
di^iosed in US Seria, No. ^/S^oltT^^XZ "'^ ^ 

n^rcTi-^rfarrarr^^^^^ 

Coding « glass microscop" 2 Zh """""""^ "'"^^ ' 
disdosed in US Serial No. Jo^ mX/Ty/,, h^T """^ 
Anti-quinoline andbodles are disdltl ^'^ Jf ' , m "^/"S'^/OHa*. 
3/27/92. publi*ed as WO "l,!^"^ 

herein by reference. documents are incorporated 

The antibodies were diluted l in in j 
applied to the waveguide. forJ^J ' s™T°T'? 
Figure 12a with anti-fluorescein af th,^„ »Parated spots as shown in 
adamantane a, the left (sp« ^1 H ^'^^ 

<spo. «). A second'^LlrdfwaXXdTr' " *^ 

channel (as in examL 1 1 T T "^^ *^ waveguide to form a 

:?i:ir ~ ™ ---- -"^r 



SEQ ID No. 

19 
20 
21 



TABL E 9.1 

Sequence 



3' 



biotin-c 



-GCACACGGACACGGACACCSGACAC-fluorescein 
bxotin-OGACACCGACACGGACACGCACAC-quinoline 
bxotin-GGACACGGACACGGACACGGACAC-adan^antane 
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The resvilting solutions were ixuxed with equal volumes of anti-biotin 
seieniiun conjugate (example 4) and introduced to the waveguide channel by 
capillary action. Figiires 12b to 12d show the results using DNA solutions 
containing a single labeled species. SEQ ID No. 21 is used in Figure 12b, SEQ 

5 ID No. 19 is used in Figxire 12c, and SEQ ID No. 20 is used in Figure 12d. In 
fgure 12e, a mixtiire of quinoline-biotin DNA and fluorescein-biotin DNA 
resulted in detectable signals at the two appropriate capture sites (spots 1 and 
3). Hence, the waveguide system allowed for simultaneotis detection of 
multiple analytes in a mixture. 

10 The above example describe several specific embodiments of the 

invention but the invention is not restricted to these specific examples. 
Rather, the invention to be protected is defined by the appended claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Don..ld I. Stimpson 

Julian Gordon 
Joanell V. Hoijer 



<ii) TITLE OF INVENTION: LIGHT SCATTERING OPTICAL WAVEGUIDE M^on 

FOR DETECTING SPECIFIC^NS?^'^f™°° 
(iii) NUMBER OF SEQUENCES: 21 



(iv) CORRESPONDENCE ADDRESS: 



(A) 
(B) 



(V) 



Abbott 'Laboratories 
,r.^ fl^^-' Abbott Park Road 

(C) CITSf: Abbott Park 

(D) STATE: Illinois 

(E) COUNTRY: USA 

(F) ZIP: 60064-3500 

COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC cLpatible 

C OPERATING SYSTEM: PC-DOS/mJ-dos 
(D) SOFTWARE: MS Word/Wordperfect 

(vi) CURRENT APPLICATION DATA- 

(A) APPLICATION NUMBER- 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION- 

(A) NAME: Thomas D. Brainard 

(B) REGISTRATION NUMBER: 32 459 

(C) DOCKET NUMBER: 5603.Us!oi 

(ix) TELECOMMUNICATION INFORMATION - 
(A) TELEPHONE: 708/937-4884 
(B> TELEFAX: 708/938-2623 



(2) INFORMATION FOR SEQ ID NO-l- 

(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

la MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

TATCATCTTT GGTGT 

(2) INFORMATION FOR SEQ ID NO:2- 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

AATATCATTG GTGTT 15 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
( ix ) FEATURE : 

(A) NAME/KEY: 3' amine 

<B) LOCATION: 15 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

AGTGGAGGTC AACGA 15 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

AGTGGAGATC AACGA 15 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 i near 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 



AGGTCAACGA GCAAG 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 



15 
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(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AGGTCAATGA GCAAG 

(2) INFORMATION FOR SEQ ID NO:7- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Ua) MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

TGGAGATCAA TGAGC 

(2) INFORMATION FOR SEQ ID NO:8- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TGGAGATCAA CGAGC 

(2) INFORMATION FOR SEQ ID NO : 9 • 

(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

11) MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 3' amine 

(B) LOCATION: 15 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TGGAGGTCAA TCAGC 

(2) INFORMATION FOR SEQ ID NO: 10- 
(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ACACCAAAGA TGATA 

15 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

AACACCAATG ATATT 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TCGTTGACCT CCACT 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 

TCGTTGATCT CCACT 

(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECXJLE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 

CTTGCTCGTT GACCT 

(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 
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(C> STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CTTGCTCATT CACCT 

(2) INFORMATION FOR SEQ ID NO-16- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GCTCATTGAT CTCCA 

(2) INFORMATION FOR SEQ ID NO- 17- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Ux) MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GCTCGTTGAT CTCCA 

15 

(2) INFORMATION FOR SEQ ID NO:18- 
(i) SEQUENCE CHARACTERISTICS- 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: synthetic DNA 
(iX) FEATURE: 

(A) NAME/KEY: 3' biotin 

(B) LOCATION: 15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

GCTCATTGAC CTCCA 

(2) INFORMATION FOR SEQ ID N0:19- 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(li) MOLECULE TYPE: synthetic DNA 
(IX) FEATURE: 

(A) NAME/KEY: 5' biotin 



15 



15 
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(B) LOCATION: 1 
(ix) FEATURE: 

(A) NAME/KEY: 3' fluorescein hapten 

(B) LOCATION: 24 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

GGACACGGAC ACGGACACGG ACAC 24 

(2) INFORMATION FOR SEQ ID NO: 20: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 5' biotin 

(B) LOCATION: 1 
(ix) FEATURE: 

(A) NAME/KEY: 3' quinoline hapten 

(B) LOCATION: 24 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GG ACACCSGAC ACGGACACGG ACAC 24 

(2) INFORMATION FOR SEQ ID NO: 21: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(ix) FEATURE: 

(A) NAME/KEY: 5' biotin 

(B) LOCATION: 1 
(ix) FEATURE: 

(A) NAME/KEY: 3' adamantane hapten 

(B) LOCATION: 24 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

GGACACGGAC ACGGACACGG ACAC 24 



BNSDOCID: <WO_9e09532A1J_> 



WO9«/09S32 

PCT/US95/11922 



-50- 

We claim: 



1. A method for detecting the presence or amount of one or more 
specific bmdmg analytes in a fluid sample, the method comprising: 

(a) providing a waveguide device, the waveguide device 
comprising (i) a transparent element having a refractive index greater than 
that of the fluid sample; (ii) a light receiving edge; and (iii) a reactive surface 
comprismg a first specific binding member of at least one cognate binding pair 
ixnmobihzed at a plurality of sites on the surface of the element, other non 
situs portions of the reactive surface having no specific binding member 
immobilized thereon; wherein said first specific binding member, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 
at least one analyte; * 

(b) contacting the reactive surface with a sample suspected to 
contain said one or more analytes and with a light scattering label attached to 
a speafic bmdmg member of a second cognate binding pair which, through 
mtermediate cognate binding pairs if desired, is capable of spedficaUy binding 
said one or more analytes, in the case of a sandwich assay, or the immobilized 
clt '"'nf "--^Srnember of said first cognate binding pair, in the case of a 
competitive assay; thereby forming Ught scattering label complexes attached to 
the plurahty of sites in proportion to the amount of analyte in the sample 

(c) illuminatmg the light receiving edge of the waveguide with 
hght effective to create total internal reflection within the waveguide, thereby 
simultaneously illuminating the entire reactive surface; 

(d) substantially simultaneously collecting scattered light, if any 
from each situs and from non-situs portions of said surface- 

ri. ^on^Paring the degree of light scattering at eacii situs with either 

1) the degree of hght scattering at a non-situs portion, or (ii) the degree of 
hght scattering at another situs, or both, whereby light scattering at each situs 
correlates to the presence or amount of the analyte for which the 
immobilized specific binding member at that situs is specific. 

2 The method of claim 1 wherein said element contains multiple 
sites each containing different concentrations of the same immobilized first 
specific binding member, further comprising comparing the degree of light 
scattering at one situs ivith the degree of Ught scattering at another situs 

3. The method of claim 1 wherein said method further comprises a 
second transparent element connected to said first element to form a two- 
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dimensional capillary channel therebetween, such that the reactive surface is 
formed in the channel. 

4. The method of claim 1 comprising a further step, after step (e), of 
altering the conditions of the reactive surface of the waveguide device to 
initiate dissociation of the analyte ft^om the immobilized first specific binding 
member, and repeating steps (c), (d) and (e) at the altered condition. 

5. A method for visually detecting the presence or approximate 
amoimt of at least one specific binding analyte in a fluid sample, the method 
comprising: 

(a) providing a waveguide device, the waveguide device 
comprising (i) a transparent element having a refractive index greater than 
that of the fluid sample; (ii) a light receiving edge; and (iii) a reactive siu-face 
comprising a first specific binding member of at least one cognate binding pair 
immobilized on at least one test situs on the surface of the element, other 
non-situs portions of the reactive surface having no specific binding member 
immobilized thereon; wherein said first specific binding member, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 
said analyte; 

(b) contacting the reactive surface with the sample suspected to 
contain said analyte and with a light scattering label attached to a first specific 
binding member of a second cognate binding pair which, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 
said analyte, in the case of a sandwich assay, or the immobilized first specific 
binding member, in the case of a competitive assay; thereby fomung light 
scattering label complexes attached to the situs in proportion to the amoimt of 
the analyte in the sample; 

(c) illuminating the light receiving edge of the waveguide with 
light effective to create total internal reflection within the waveguide; 

(d) visually examining the reactive surface for light scattering and 
comparing the degree of light scattering at the test situs with either (i) the 
degree of light scattering at a non-situs portion, or (ii) the degree of light 
scattering at another situs, or both, whereby scattering at the situs correlates to 
the presence or amount of said analyte. 

6. The method of claim 5 wherein said element contains a plurality 
of test sites, wherein said plurahty of test sites each contain varying 
concentrations of the same immobilized first specific binding member or 
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whereto said pluraUty of lest slees ea,^^«,„,am a distinct immobilized fiis, 
speanc binding member. 

A "'^f'**'* ^ "^^^'^^ '"^^^'^ comprises a 

second transparent element connected to said first element to fonn a two- 

dmtensional capillary channel therebetween, such that the reactive surface is 
iormed m the chaimeL 

8 The method of claim 5 comprising a further step, after step (d) of 
altermg the conditions of the reactive surface of the waveguide device to 
mitiate dissociation of the analyte from the immobilized first specific binding 
member, and repeating steps (c) and (d) at the altered condition. 

9. A method for detecting the presence or amount of at least one 
specific bmding analyte in a fluid sample, the method comprising: 

(a) providing a waveguide device, the waveguide device 

that of the fluid sample; (li) a light receiving edge; and (iii) a reactive surface 
^pnsmg a first specific binding member of at least one cognate binding pair 
nnmobihzed at a situs on the surface of the element, other non-situs portions 
of the reacbve surface having no specific binding member immobilized 
thereon; wherein said first specific binding member, through intermediate 
cognate bmding pairs if desired, is capable of spedficaUy binding said analyte- 

(b) contacting the reactive surface with the sample suspected to 
contain said ^yte and with a light scattering label attached to a first specific 
bmdmg member of a second cognate binding pair which, through 
intermediate cognate binding pairs if desired, is capable of specifically binding 
said analyte, m the case of a sandwich assay, or the immobilized first specific 
binding member, in the case of a competitive assay; thereby forming Heht 
scattering label complexes attached to said situs in proportion to the amount 
of analyte m the sample; 

If illuminating the light receiving edge of the waveguide with 
light effective to create total internal reflection within the waveguide therebv 
sunultaneously illuminating the entire reactive surface; 

(d) substantiaUy simultaneously collecting scattered light, if any 
from said situs and from non-situs portions of said surface at a first time h 
usmg a photodetector device; ' 

(e) repeating steps (c) and (d) at least once to collect scattered light if 
any, from said situs and non-situs portions at a second time, tz; and ' 
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(f) comparing the degree of light scattering at said situs at time ti 
with the degree of light scattering at said situs at time t2, whereby the light 
scattering at the situs correlates to the presence or amotmt of the specific 
analyte, and the difference over time in scattering of light provides kinetic 
information indicative of the amount of analyte present at said situs. 

10. The method of claim 9 wherein said element contains a plurality 
of test sites, each situs containing immobilized specific binding member 
which is the same or different from immobilized specific binding member at 
another situs. 

11. The method of daim 9 wherein said method further comprises a 
second transparent element connected to said first element to form a two- 
dimensional capillary channel therebetween, such that the reactive surface is 
formed in the channel. 

12. The method of claim 9 comprising a further step, after step (f), of 
altering the conditions of the reactive surface of the waveguide device to 
initiate dissociation of the analyte from the immobilized first specific binding 
member, and repeating steps (c), (d) and (f) at the altered condition. 

13. A method for determining the nucleotide sequence of segment 
of unknown nucleic acid or for distinguishing two closely related nucleotide 
sequences, the method comprising: 

(a) providing a waveguide device, the waveguide device 
comprising (i) a transparent element having a refractive index greater than 
that of the fluid sample; (ii) a light receiving edge; and (iii) a reactive surface 
comprising a plurality of sites having oligonucleotide immobilized thereon, 
said sites defining an array of oligonucleotides having different sequences for 
hybridizing with the unknown nucleic acid, other non-situs portions of the 
surface of said element having no oligonucleotides immobilized thereon; 

(b) contacting the reactive surface under hybridizing conditions 
with said unknown nucleic add wherein said imknown nucleic acid, either 
directly or through intermediate cognate binding pairs if desired, is labeled 
v^th a light scattering label; thereby forming light scattering label complexes 
attached to those sites of the reactive surface which are complementary to the 
sequence of the imknown nudeic acid; 

(c) illuminating the light receiving edge of the waveguide with 
light effective to create total internal reflection within the waveguide, thereby 
simultaneously illuminating the entire reactive surface; 



BNSDOCID: <WO_9e09S32AlJ_> 



WOW/09532 



PC:T/US95/11922 



-54- 

light scattermg at another situs; and ^ ' "^^^^ 

whereby single base pair differences between the oligonudeotides and 

bmdu,g pa.rs f desired, is capable of speciflcaUy binding „id anaivL 
*^ontacting the reactive surface with fi) th*» c»«,«i ' 
^n^ said ana.,.e; <a, a HgM scanering .X^^:^ ^7^^^ 

^^^d T °' " -"^^'^ """^S "Wch. through 

mtomed«te cognate binding pairs if desired, is capable of spedflluv w ^■ 
^.yee, in the case of a sandwich assay, or thrin™:lred f^'sp^^ 

scattermg label complexes attached to said situs in proportion to thf .Z^ . 

suffiaent to impart an effective O.D. of at least 15; "^emoer 

(c) illuminating the light receiving edge of the TIR el^mo.. u 
hght effective to create total internal reflecL witMn t^e elmeTt 
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(d) detecting the scattered light and comparing the degree of light 
scattering at the situs with the degree of light scattering at a non-situs portion, 
whereby background scattering is minimized by absorbance by the light 
absorbing material. 
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